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Abstract—The Braille is a system that is widely used by blind 
people to read and write. Visual impaired persons in Bangladesh 
are deprived of education and modern technologies due to the 
lacking of textbooks and other reading materials written in 
Bangla Braille. This is indirectly widening the knowledge gap 
and disparity within the society. In order to bring a radical 
change into this scenario, an automated system for facilitating 
machine translation of Bangla text to readable and recognizable 
Braille symbol is needed. In this paper, a detail research on 
Bangla Braille has been accomplished and necessary rules as well 
as grammatical conventions are analyzed. Based on the research 
and analysis, this study illustrates a computational model using 
Deterministic Finite Automata (DFA), which can be extended to 
an automated system for Bangla text to Braille translation. The 
designed DFA demonstrated acceptable conversion. 


Keywords-braille_ cell; bangla braille; conversion rules; 
computational mode; deterministic finite automata; view model 


1. INTRODUCTION 


Bangla is the national language of Bangladesh while it is 
also the state language of the Indian state of West Bengal. It is 
one of the most spoken languages (ranking sixth) in the world, 
with nearly 300 million total speakers [1]. According to [2] 
about 0.75 million people are blind in Bangladesh. Blind 
person cannot read text written on a plain paper. They use 
Braille system in their writing and reading. Braille is a 
universal code for mapping character sets of various languages 
to Braille cells. Each Braille cell consists of 6 dots. Series of 
Braille cells are embossed on paper so that visually impaired 
persons can read them by touching the raised dots of the cells 
using their fingers. Like other languages Bangla has own 
representation in Braille system. 


There are few schools, institutes and organizations for blind 
people in Bangladesh where they can get their education. But 
they always face one problem that is lack of necessary reading 
materials, books and notes in Braille written format. Rewriting 
of books into Braille language is done by certified Braille 
experts. But this process takes lots of time and cost. For this 
reason books written in Braille language are insufficient. We 
consider this situation as a major problem in the blind’s 
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education. This problem can be solved by an automated 
translation system which can convert electronic Bangla books 
to Bangla Braille books. For developing this system a model is 
proposed in this paper. 


This paper is organized as follows: Section II explains 
related works about text to Braille conversion of different 
languages other than Bangla. Introduction of Braille and 
Bangla is described in section III. In section IV a 
computational model is proposed. In section V, a view model 
is shown which illustrates the proposed computational model. 
Finally the conclusion and discussion is outlined in Section 
VI. 


Il. LITERATURE REVIEW 


Liblouis is an open source text to Braille and Braille Back 
translator [3]. It supports contracted and uncontracted Braille 
for many languages such as: Arabic, Armenian, Bulgarian, 
Chinese, Croatian, Czech, Danish, Dutch, English, Esperanto, 
Estonian, Finish, French, Gaelic, German, Greek, Icelandic, 
Italian, Lithuanian, Norwegian, Polish, Portuguese, Romanian, 
Russian, Slovakian, Spanish, Swedish, Turkish, Vietnamese 
and Welsh. New languages can be easily added through 
Tables that support a rule or dictionary based approach. It has 
also tools for testing and debugging tables. 


“BrailleTrans for Java” is an open source solution for text 
to Braille translation which is implemented in Java [4]. It is 
built on an existing system which was implemented on C and 
includes a finite state machine with left and right context 
matching and a set of translation rules. It can translate 
different languages to different grades of Braille contraction. It 
also allows both forward and backward translation i.e. text to 
Braille and Braille to text translation. 


Hardware-based Text to Braille translation is a system 
which performs faster and is able to generate greater 
throughput than Software-based Text to Braille translation 
system [5]. This system is based on Field Programmable Gate 
Arrays (FPGAs) for fast text to Braille translation. 


An automated system exists for English and Hindi text to 
Braille representation which is implemented in Java [6]. It 
uses a chart as database. This database is used for mapping 
corresponding Braille representation. Then it implements the 
mapping for translation. It can translate both English and 
Hindi to corresponding Braille. 


Quranic Braille system translates Quranic verse to Braille 
symbol. It is implemented in Visual Basic [7]. It can translate 
the special vibration for the Quran. But it is limited for the 
(Noun + Scoon) vibrations. 


TextBraille is a user-friendly Braille Transcription software 
for Indian languages for Windows. The software transcribes 
the text files to the Braille format, shows the text file as well 
as the Braille file side by side. It can translate various Indian 
languages to Braille such as Hindi, Bengali, Assamese, Oriya, 
Marathi, Gujarati, Tamil, Telegu, Kannada, Malayalam, 
Punjabi [8]. It can translate Bangla to Braille but this software 
does not fulfill our purpose because Bangla to Braille 
conversion rules for Indian Bangla and Bangladeshi Bangla is 
different. There are also others research works related to text 
to Braille conversion in different languages [9] [10] [11][12]. 


Ill. BANGLA AND BRAILLE 


A. Bangla 


In Bangla alphabet there are 11 independent vowels, 10 
amongst them can also be used as dependent vowels and 39 
consonants. Independent vowels are ¥ WSR E È %4, G 
ô, Dependent vowels are of E cf g 9 9 © & @t @ and 
Consonants are Z Y 47E ZZEE 47 


y 


ABLEVEATLYIALZ PPF Soeg. 








B. Braille 


The Braille system is a universal way for the blind people 
to read and write. A blind Frenchman Louis Braille invented 
this system in 1821. The unit of Braille is a Braille cell. Each 
Braille cell consists of 6 dot positions, put together in a 
rectangle. Six dot positions are assembled in that rectangle in 
two columns, three dots in each. Dot positions 1-2-3 are in 
first column and 4-5-6 are in second column which is shown 
in Figure 1(a). A dot position can have two states. It may be 
raised or not raised. So depending on these two states of six 
dot positions, 64 permutations are possible [13]. Figure 1(b) 
shows all 64 Braille cells. An example can be given by 
naming the raised dot positions. For example if it is said like 
dots 1-2-3-5, it describes dots 1, 2 and 3 are raised in first 
column and dot 5 is raised in second column. This particular 
permutation indicates English letter R. 
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(a) 
(b) 
Figure 1: (a) A Braille cell, (b) 64 Braille cells 





G. Mapping of Bangla charater to Braille 


Braille is not a language. It is a code for mapping character 
sets of various languages to its 64 fixed permutations. 
Mapping of character sets of a language to Braille symbols is 
called character mapping. Different countries developed their 
own standard character mapping for their language. This 
character mapping is not necessarily one-to-one because some 
languages may have more than 64 letters in their alphabet. So 
possible character mapping can be one-to-one and many-to- 
one. For example 

Bangla letter ™  ——————— 
Bangla letter “2” & digit ‘6’ — 





(One-to-one) 
(Many-to-one) 











Each letter of Bangla alphabet, numeric and punctuation 
has corresponding Braille representation. Bangla letters and 
their corresponding Braille representations are given in Table 
I, II and III. 




























































































































































































































































































TABLEI. ONE TO ONE CHARACTER MAPPING 
Bangla | Braille | Bangla | Braille | Bangla | Braille 

F : 4 E Ş 

4 a pş 

q 3, a F q 

e x 

8 LJ x k H 
q a 

if a 

5 x} 

© j] q iz] F: 
5 x 

6 Fa | *: ! 

7 el oe - 

: | HO} > 

- [ Jli: ] 




















































































































































































































TABLE II. TWO TO ONE CHARACTER MAPPING 
Bangla | Braille Bangla Braille 
igi > i L iv) 
ot T q o 
me | ot g 
© 3 k 4 | Number prefix 
Sja id 8 
al (s +} f F W 
s Gat qa $ 
3 | ct 3 v 
a | 4 H 
( ) [33] ? l 

























































































TABLE III. THREE TO ONE CHARACTER MAPPING 
Bangla Braille 
G & 
alel 7 l] 
> | =- | dop) g 
D. Grammertical conversion rules 


In conversion of Bangla text to Braille, one needs to deal 
with conjunctions, consonants, dependent and independent 
vowels, punctuations and numbers. Here all grammatical 
conversion rules are discussed with examples. 


1) Replacing rule: In replacing rule each Bangla character 
is replaced by its corresponding Braille cell(s) [14]. Some uses 
of consonants, vowels (dependent and independent) and 
punctuations are given in Table IV. 




































































TABLE TV. USES OF CONSONANTS, VOWELS AND PUNCTUATIONS 
p Dnsbabation e 

A qa ty] i: 
Bex SeA 
ate Fats E] lel fe 
1p Tp 
PNI : 

CART RETA ; 





























2) Inserting rule: In inserting rule a Braille cell is inserted 
as prefix. Other characters are replaced according to replace 
rule [14]. 


a) If there is “2, “@ or “& after consonant and if “g 
is pronounced there then Bangla “# equivalent Braille cell 


dot 1 is inserted after consonant in Braille [14]. Examples are 
shown in Table V. 




















TABLE V. INSERTION OF “SY” 
Bangla Word | Distribution | Braille Representation 
33 az 
EKGNI aeat 


















































b) Braille cell dot 4 is inserted before conjunctions 
having combination of two letters [14]. Examples are shown 
in Table VI. 




















TABLE VI. CONJUNCTION OF 2 LETTERS 
Bangla Word | Conjunct | Distribution | Braille Representation 
ara d OEE 
ae q Aad 





















































c) Braille cell dot 4, 6 is inserted before conjunctions 
having combination of three letters or four letters [14]. 
Examples are shown in Table VII. 























TABLE VII. CONJUNCTION OF 3AND 4 LETTERS 
Bangla Word | Conjunct | Distribution Braille Representation 
We È 
aoa a 
























































d) Two Bangla conjunctions have direct representation 
in Bangla Braille. So there is no need to use Braille cell dot 4 
before them [14]. They are given in Table VIII. 




















TABLE VIII. TWO CONJUNCTIONS WITHOUT PREFIX 
Bangla Word | Conjunct | Distribution Braille , 
Representation 
PP =p Faq 
wy kg Ta p 









































e) Braille cell dot 3,4,5,6 is inserted before first digit of 
a number [14]. Examples are shown in Table IX. 


TABLE IX. NUMBER RULE 





Bangla number | Braille Representation 








S208 


2.08 m || g 2 






























































IV. PROPOSED COMPUTATIONAL MODEL 


Based on study of Bangla language, Braille system and 
conversion rules between Bangla and Braille we propose a 
computational model to translate Bangla text to Braille. Our 
proposed computational model consists of four modules. Each 
module contributes to the whole translation process. The 
computational model is shown in Figure 2. 


A. Bangla Text 


Bangla text consists of Bangla alphabets, digits, 
punctuations, spaces and formatting characters. Later part of 
the computational model is applied on this Bangla text in 
iterative manner. Input Bangla text will be in Unicode and font 
independent. 


B. Rule Engine 


It is one of the major parts of computational model. The 
work of Rule engine is to generate token and corresponding 
rule number based on input Bangla text. A Deterministic 
Finite Automata (DFA) is proposed for developing the rule 
engine. 


A DFA has a finite set of states and a finite set of input 
symbols. One state is designated the start state, and zero or 
more states are accepting states. A transition function 
determines how the state changes each time an input symbol is 
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Figure 2: Computational Model for Bangla Text to Braille Translation 


processed. The term ‘deterministic’ refers to the fact that on 
each input there is one and only one state to which the 
automaton can transition from its current state. 


It is convenient to represent automata by a graph in which 
the nodes are the states and arcs are labeled by input symbols 
indicating the transitions of that automaton. The start state is 
designated by an arrow and the accepting states by double 
circles [15]. 


Proposed DFA is constructed according to Bangla text to 
Braille conversion grammar for tokenizing input Bangla text. 
Each accepting states indicates that a token has been found 
with applicable rules. The constructed DFA in “five tuple” 
notation is DFA, A = (Q, ¥, 6, qo F). 


e Here A is the name of the DFA. 


e Q isthe set of states. It contains 26 states. Q = {0, 1, 
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, 25} 


e > is input symbols. We have seven input symbols 
which are shown in Table X. Each of them represents 
set of Bangla characters. 


TABLE X. INPUT SYMBOLS AND CHARACTERS 


e qois the start state of the DFA. 
qo = state 0. 


e F is the set of accepting states. It contains 12 
accepting states. F = {2, 4, 10, 11, 12, 13, 14, 15, 19, 
22, 24, 25}. 


Each accepting state indicates that a token has been 
found and also represents different rules or 
combination of rules applicable on that token. So 
when we reach to an accepting state a token is 
generated and decide which rule or combination of 
rules are applicable on this token. The applicable 
rules for the accepting states are given in Table XI. 
The rules are discussed earlier in Section II (D). 




















Input 


Symbols Bangla Characters 


Description 











Set of three independent 


% 
3,5, S 
vowels 2,8,8 is 


Vol_spe 





Set of independent vowels 
Vol except 3,8,8 and all 
dependent vowels 


a, Gi, %, ©, 4, 9, A, 8 ot, fo, 
ray a ©, t, GI, GT 











F, 4, 4, X, ©, D, 3, &, T, £, D, 
Set of all Bangla 3, GB, 4, G, I, T, 4, 3, 4, F, 3, 
Con 


TABLE XI. ACCEPTING STATES AND THEIR DESCRIPTION 
Accepting sags 
States Description 
2 Single Bangla character is replaced by equivalent Braille cell 
4 A consonant is replaced and then Braille cell dot 1 is inserted 
10 All Bangla characters are replaced by equivalent Braille cells 
Braille cell dot 4, 6 is inserted and three Bangla characters 
11 ; : 
are replaced by equivalent Braille cells. 
Braille cell dot 4 is inserted and then two Bangla characters 
12 i F 
are replaced by equivalent Braille cells. 
13 Single character ending with hasanta are replaced 
14 Braille cell dot 4 is inserted and then two Bangla characters 
ending with hasanta are replaced by equivalent Braille cells. 
15 Braille cell dot 4, 6 is inserted and three Bangla characters 
ending with hasanta are replaced by equivalent Braille cells. 
19 Numbers are replaced in equivalent Braille cells with 


number prefix inserted at first. 





Braille cell dot 4 is inserted and then two Bangla characters 
22 are replaced by equivalent Braille cells and Braille cell 1 is 
inserted at last. 














consonants 5, J, 3, 3, F, "h, 3, A, 3, Y, p, 3 
S, 08, 08, Š 
Num Set of all Bangla digits o, 3, X, 9, 8, @ &, 9, b, X 
Pun Set of all punctuation signs plage? 7a] 
Hos Represents Bangla hasanta 
symbol 


Braille cell dot 4, 6 is inserted and then three Bangla 
24 characters are replaced by equivalent Braille cells and 
Braille cell 1 is inserted at last. 

















Dot Represents decimal sign (.) 





Braille cell dot 4, 6 is inserted and then four Bangla 


2 characters are replaced by equivalent Braille cells. 

















e ĝis the transition function that takes a state and an 
input symbol as arguments and returns a state. In a 
transition diagram each transition from one state to 
another or same state for a specific input symbol also 
represents a transition function. It means transition 
function 6(a,x) = b is a transition from state a to state 
b for input symbol x in transition diagram where state 
a and b can be same or different state. In the 
proposed DFA, we have 182 (7 input symbols X 26 
states) transition functions. All these transition 
functions are represented as transition diagram in 








characters. The Braille text must be in ASCII. These Braille 
texts can be printed through Braille Embosser. 


V.  VEIW MODEL OF PROPOSED COMPUTATIONAL MODEL 


View model of proposed computational model shows how 
the model translates Bangla text to Braille. Here an example is 
illustrated how a Bangla word 34 is translated to its 
corresponding Braille representation. At first the word is 
passed to the rule engine. Rule engine is actually a 
Deterministic Finite Automata that generates a token (© & 3) 





Figure 3. 
vol_spe, hos 
| AN con, vol, num, 
{ dot, pun 
p {20 Pe 7 P peen __ vol_spe, hos 
a Sal iene Fi \ N con, vol, num, 
7 vol_spe, N, [ \ \ dot, pun 
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Figure 3: Transition diagram for proposed DFA 


C. Translator 


Translator maintains a look up Table of character mapping 
and rules. Mapping Table contains mapping between Bangla 
and Braille character. Rules Table contains rule number and 
corresponding actions. Translator receives token and rules 
number from Rule Engine. Then it looks up rules Table by 
using rule number and find out corresponding action. Finally it 
executes this action using Braille and Bangla character 
mapping Table and generates Braille symbols of Bangla text. 


D. Braille Text 


Braille text consists of equivalent Bangla Braille symbols 
of Bangla alphabets, digits, punctuations and formatting 


and an accepting state number (12) which represents a rule 
number. Then the token and rule number is passed to 
Translator. Using the rule number, translator looks up for 
corresponding action for the rule number. Here the action is 
insert dot 4 ( ) and replace two characters (5,4). Then 
translator inserts dot 4 and looks up the Braille symbols of “s” 
and “a” in Mapping Table for replacing. Finally Braille 
symbols for 4 is generated. Similarly, using iterative way the 
Bangla text 47 is translated into its Braille representation. This 
view model is shown in Figure 4. 
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Figure 4: View Model of Proposed Computational Model 


VI. CONCLUSION AND DISCUSSION 


In this research work, we have analyzed and experimented 
with the required transformation of different rules necessary 
for the machine translation of Bangla to Braille. We have 
designed and optimized the Deterministic Finite Automata 
based on the experimental observations. This proposed 
computational model is expected to be the core rule engine for 
the purpose of machine translation. 


As it is an absolute necessity to build an automated system 
through which Bangla text can be converted into Braille 
without the presence of any Braille expert, in the future this 
computational model will be implemented and tested in an 
environment suitable for visually impaired persons. 
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